Hand-held ultrasound devices will probably be used for bedside cardiac diagnoses by internists without formal training in echocardiography. We compared the accuracy of hand-held ultrasound devices studies performed by expert echocardiographers vs internal medicine residents with brief training in echocardiography.
Introduction
Recent decades have been marked by substantial advances in echocardiography including the development of three-dimensional, stress, and contrast echocardiography. In addition to improving upon the diagnostic capabilities of echocardiography, there has also been a thrust to make current two-dimensional technology more widely accessible by developing hand-held ultrasound devices, thereby redefining the notion of a portable echocardiogram. The first description of such a device for clinical use was by Roelandt in 1978 [1] . This linear array machine, the Minivisor (Organon, Teknika), weighed only 1.5 kg but had limited imaging capability, a single gain control, and a display format of only 2 4 cm [2] . The next generation of such devices arrived in the 1980s, providing a 5-lb mechanical sector scanner with two-dimensional imaging and a larger display screen. Though lacking in freeze-frame, M-mode, Doppler, or recording features, initial clinical experience with this hand-held machine was promising [3, 4] . In recent years, these miniature devices have become increasingly sophisticated, now allowing colour flow Doppler, freeze-frame, and two-dimensional measurements as well as limited storage capability.
While the hand-held cardiac ultrasound devices do not have all of the technological features of the standard full-featured systems, their immediate availability to answer targeted clinical questions with regard to pericardial effusions, wall motion, and LV systolic function provides the clinician with the potential to make clinical decisions at the bedside without delay [5] [6] [7] [8] . Though it is clear that sonographers may be better skilled at image acquisition, particularly in the US, recent investigation has demonstrated that these handheld devices, when used by cardiologists with at least level II training, serve as useful adjuncts to the physical exam and assist in bedside diagnoses [9] . As these machines become more widely available, potential users could include cardiologists without expertise in echocardiography, emergency room physicians, nursepractitioners, cardiac surgeons, and internists among others. This raises the question as to how much echocardiographic training among hand-held ultrasound users will ensure competency when employing these devices for clinical decision-making. The aim of the present study is to determine the diagnostic accuracy of the hand-held ultrasound device when used by fully trained echocardiographers compared to senior internal medicine residents who have undergone a limited but organized instructional programme in echocardiography.
Study Design

Study Population
Three hundred adult inpatients and outpatients referred to the non-invasive cardiac imaging laboratory for clinically indicated studies were recruited into the study. Patients with limited echo windows were not excluded from the study. ICU patients and patients on ventilators were not included in the study population.
Methods
All study participants underwent a sonographerperformed exam using the full-featured echocardiographic imaging system (Sonos 5500, Agilent). The patients were then scanned with the Optigo machine by one of three cardiologists with level III training in echocardiography (n=149) or one of three internal medicine residents (n=151). The residents first completed an echocardiographic training programme consisting of 20 h of didactic instruction. This instruction included information on the basic principles of cardiac ultrasound, the standard views needed to answer specific clinical questions, how to optimize imaging conditions, and echocardiogram reading with experienced readers focusing on the evaluation of global and regional wall motion and valvulopathies. In addition, each resident had one-on-one instruction on image acquisition with a sonographer and performed 20 transthoracic echocardiograms under sonographer supervision prior to scanning patients enrolled in this study. In all physicianperformed studies the clinicians performing the study were blinded to the results of the sonographerperformed study. The only patient information provided to the physician was the indication for the study. All physician-performed studies were interpreted by the physician at the time of the scan. A datasheet listing common echo-derived findings was provided to each clinician in order to document the study interpretation. The listed findings were noted by the physician to either be present or absent. Abnormalities were then graded on a scale of zero to three according to increasing severity (0=trace, 1=mild, 2=moderate, 3=severe). After the physicians recorded their findings, an experienced echocardiographer uninvolved with the study read the complete, sonographer-performed studies and the findings were entered on to the same datasheet. For each clinical finding, the severity that was deemed to be clinically significant (likely to affect patient care) was defined ( Table 1 ). The sensitivity, specificity, positive predictive value, and negative predictive value were calculated for each clinically significant finding for both the resident-performed and echocardiographerperformed studies. The sonographer-performed Sonos 5500 studies were considered the 'gold standard' for comparison.
Statistics
The resident-performed and echocardiographerperformed results were compared statistically using a z-test (SigmaStat, Jandel). Differences in the prevalence of baseline and clinically important findings between echocardiographer and resident patient groups were compared using the Fisher exact test. P values less than 0.05 were considered statistically significant.
Results
The vast majority of the patients had abnormal studies. There were only five (3.3%) completely normal studies in the echocardiographer patient group and two (1.3%) normal studies in the resident patient group. There were a similar number of echocardiographic abnormalities noted on the full-featured studies in both the echocardiographer and resident-patient groups. As shown in Table 2 , the populations were comparable with respect to pathology with the exception of a greater number of patients with left atrial enlargement in the resident group and more patients with left ventricular hypertrophy in the echocardiographer group.
As seen in Fig. 1 , resident-performed studies with the Optigo machine resulted in similar overall sensitivity compared to echocardiographer-performed studies for the detection of echocardiographic abnormalities (63% and 65% respectively; P=ns). The specificity of the Optigo to identify abnormal findings was high for studies performed by echocardiographers and residents alike. Resident-performed studies resulted in slightly lower overall specificity of 92% compared to 95% for the echocardiographer-performed Optigo studies, but this Comparisons between echocardiographer-performed and resident-performed scans showed a significantly higher overall positive predictive value but similar negative predictive value for echocardiographer-performed studies.
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was not statistically significant ( Fig. 1) . Similarly, the negative predictive value of Optigo scans for detecting echocardiographic abnormalities was 91% for echocardiographer-performed scans compared to 90% for resident scans, P=ns (Fig. 1) . Positive predictive values were higher for echocardiographer scans compared to resident scans with values of 75% and 67%, respectively. This was statistically significant with a P value of 0.003 (Fig. 1) . Table 3 demonstrates the distribution of clinically important findings, as determined by the Sonos 5500 study for both patient groups. There were 83 patients with clinically significant abnormalities on the fullfeatured study in the echocardiographer group and 86 patients with clinically significant findings in the resident group. Overall, in the patients scanned by echocardiographers, there were 193 echocardiographic findings on the Sonos 5500 studies that were deemed clinically important. Similarly, in patient group scanned by residents, 207 echocardiographic findings identified on the Sonos 5500 scan were labelled clinically important. There were more patients with significant tricuspid regurgitation in the echocardiographer group, but otherwise the distribution of important findings in both patient groups was similar. In contrast to the results for all observations, for these major findings echocardiographer-performed studies had a sensitivity of 88%, which was significantly higher than the 80% sensitivity of resident-performed studies (Fig. 2) . The specificity to detect clinically important findings was similar between groups, with echocardiographers achieving a specificity of 98% compared to 97% for resident scans. There were no significant differences in the positive and negative predictive values for the detection of clinically important findings noted between patient groups (Fig. 2) .
In total, there were 18 categories of echocardiographic abnormalities identified by the sonographer-performed gold-standard studies that were deemed clinically important yet missed by either the echocardiographer or the resident in the Optigo scans. Table 4 lists these missed echocardiographic findings and compares the relative distribution of missed diagnoses on the Optigo scans performed by echocardiographers vs those performed by residents. Fourteen percent of clinically important echocardiographic findings were missed by echocardiographers as compared with 23% of important findings missed by residents, P=0·02. As shown, in comparison to echocardiographer-performed scans, resident-performed scans tended to miss substantially more pericardial effusions graded more than trace in severity (57% vs 22%), right ventricular dysfunction (56% vs 26%), and left ventricular regional wall motion abnormalities (45% vs 21%). Though intra-cardiac thrombus was less commonly noted, the residents missed all such findings using the hand-held device. In addition, clinically important AI was uncommon but never missed on the echocardiographer-performed scans in contrast to the resident-performed scans. Aortic stenosis, which was detected based upon two-dimensional visual assessment of leaflet movement and valve calcification, was missed nearly equally in both patient groups. None of the comparisons in Table 4 reached statistical significance.
Discussion
Currently, certification by the National Board of Echocardiography requires a physician to be a cardiologist with at least level II training in echocardiography.
This entails a minimum of six months of focused echocardiography training and the performance and interpretation of 300 transthoracic studies [10] [11] [12] . Such intense lengthy training among practising clinicians may not be practical for limited exams with hand-held devices. Other diagnostic modalities such as flexiblesigmoidoscopy, limited emergency room echocardiography, and office stress testing are often taught in organized short courses comprised of didactic and manual instruction. The adequacy of these brief courses is controversial [13] [14] [15] [16] [17] [18] [19] [20] . It has not previously been demonstrated that this degree of training would be sufficient for responsible use of miniature echocardiographic devices amongst non-echocardiographers.
The results of the present study suggest that nonechocardiographers can be trained in a limited but organized fashion to perform and interpret hand-held ultrasound studies for the detection of cardiac abnormalities with similar overall sensitivity to studies performed by fully trained echocardiographers. Of note in this study however, were the substantial differences in the sensitivity of hand-held devices when used by physicians with limited training to detect clinically important findings, particularly those that are often urgent indications for echocardiograms such as regional wall motion abnormalities, significant pericardial effusions, and RV dysfunction. Failure for these and other differences noted in Table 4 to reach statistical significance may be due to low 'event rates' for each individual abnormality. Nonetheless, the significant differences in the total number of missed yet important findings between the patient groups and the individual trends for each finding are concerning in that significant cardiac events may be under-diagnosed and, therefore, not treated if the diagnostic work-up ends with the Optigo study.
Furthermore, there are significant differences in overall positive predictive value, which suggests that physicians with brief training are likely to 'overcall' abnormalities, leading to false positive results, which may then result in inappropriate clinical decisionmaking and treatment. It is unclear whether the reason for such differences is due to inadequate image acquisition on the part of the non-echocardiographer or whether the problem lies in the interpretation of acquired images. Both are necessary in order for the non-echocardiographer to arrive at an accurate echocardiographic diagnosis; yet, skill in interpretation may perhaps be the most difficult goal to accomplish within the limitations of a brief training programme.
Since echocardiographers undergo an extensive training process, it is possible that they were more attentive to subtle echocardiographic details during their study interpretations, resulting in a higher diagnostic yield. However, even expert echocardiographers missed 3% of cases of LV dysfunction and 21% of cases with regional wall motion abnormalities. This was likely due a combination of factors. The hand-held device used in this study did not have harmonic capabilities. For this reason, assessment of global and regional LV function Abbreviations as in Table 1 .
was difficult in patients with poor acoustic windows. In addition, American cardiologists do not routinely image patients. Accordingly, their ability to obtain good images in all views may be lower than expected, particularly compared with cardiologists in other countries where it is customary for physicians to perform the scans.
In any event, our data suggests that limited training in echocardiography prior to the use of the Optigo ultrasound device provides reasonably good information as a quick screening exam which would complement the physical exam but in no way should replace the standard full-featured study performed by a sonographer and interpreted by an experienced echocardiographer adept at detecting the subtle abnormalities important in making discriminating diagnoses. This is especially true when the decision to administer or withhold potential treatments such as pericardiocentesis, anticoagulation and antiplatelet agents for acute coronary syndrome, and percutaneous intervention for chest pain in the presence of uninterpretable electrocardiograms are heavily influenced by the echocardiographic examination.
The exact degree of training required for responsible use of hand-held ultrasound devices is uncertain. Preliminary data from other investigators using much briefer durations of training targeted to the diagnosis of only a few echocardiographic abnormalities (i.e. LV dysfunction, the presence of pericardial effusion, the presence of mitral regurgitation) have resulted in moderately good agreement with standard echocardiograms using a full-featured imaging system [5, 21] . The 'limited' training that the residents received in our study was intense and more comprehensive than in other studies. In addition, since each resident scanned 50 patients, these physicians underwent significant learning curves. All of this suggests that the casual user of the hand-held device might perform less well than the residents in our study. Given that the residents in our study failed to discern subtle yet clinically important findings, perhaps a targeted approach to instruction in and use of handheld ultrasound devices by non-echocardiographers would be more appropriate.
As a screening test, the Optigo machine holds promise: it has a moderately high sensitivity, is safe, relatively inexpensive, user friendly, and portable, thereby easily accessible. When used by clinicians with limited training, the lower sensitivity to detect clinically important findings indicates a need for structured training, competency guidelines, and quality assurance. Implicit in this is the need for either full level II echocardiographic training in accordance with the guidelines for the American Society of Echocardiography prior to using hand-held devices for clinical decision-making or use of such machines in consultation with an experienced echocardiographer.
Hand-held machines currently available offer a variable degree of technology. For instance, Doppler, tissue harmonics and M-mode capabilities are not present on all types of hand-held devices. Such machines can be used to perform only directed studies and, evaluation of clinical problems such as diastolic dysfunction, valve stenosis and wall motion is limited. Secondly, there is one model of the hand-held ultrasound device that can be interfaced with a small VCR, though this limits the portability of the device and its ease of use at the point of care. For the majority of commercially available devices, however, there is limited ability to archive images and no associated reporting system. For this reason, a standard echocardiogram on a full-featured machine should be ordered in all cases where a focused echocardiogram has been done. Lastly, in the current era of medical economics, it is worthwhile noting that reimbursement for these relatively inexpensive devices is likely to be withheld unless a mechanism for quality assurance and documentation is established.
Limitations
The exclusion of ventilated ICU patients in this study introduces a degree of referral bias. However, hand-held devices in ICU ventilated patients have been shown to be of limited value. It is in such sick, and technically challenging, patients that a full-featured imaging system should be used to collect adequate images upon which to base clinical decisions [22] . Echocardiographer-performed and resident-performed studies were done on two separate patient groups. While all patients were taken from the pool of patients routinely referred to the echocardiography laboratory at our institution, it is conceivable that there might have been more patients with poor acoustic windows in one or the other group. Though this information was not formally collected, one would expect that a large disproportion of patients with limited acoustic windows between groups would be reflected in significant differences in overall sensitivity between patients groups, which were not seen here.
It is also not possible to be entirely certain that the abnormalities found in each patient group were visually similar. For example, LV thrombi may be larger in patients from the echocardiographer group compared to patients from the resident group. Similarly, wall motion abnormalities may be subtler in one patient group compared to the other. While an alternative study design that included a full-featured echocardiogram in addition to two hand-held echocardiograms per patient (echocardiographers and residents scanning the same patients) would have allowed comparison of the exact same datasets, this was deemed logistically impractical in the setting of a busy clinical laboratory given time constraints and patient tolerance. To account for this limitation, we studied a rather large number of patients (n=300) in which echocardiographers scanned 149 patients and residents scanned 151 patients. Using this design, clinically important findings were randomly distributed between the two patient groups and were present in a similar, though not exactly equal, proportion in the two groups.
The Optigo machine used in this study did not have the capacity for M-mode. Residents were not instructed on the use of two-dimensional measurement features of the Optigo machine since this would require additional scanning time, obviating the potential benefit of a quick scan. In cases where the echocardiographic abnormalities were related to dimension, differences in the detection rates between groups may have been due to the largely subjective nature of assessment. For this reason, and also because typically only severe atrial enlargement or ventricular hypertrophy would be a clinically important indicator of significant disease, only severe abnormalities in dimensions were used for comparisons between echocardiographer-and resident-performed studies.
Conclusion
Limited instruction in echocardiography, consisting of the supervised performance of 20 echocardiograms along with 20 h of didactic teaching and reading alongside an experienced echocardiographer, allows physicians without formal training in echocardiography to perform a focused ultrasound examination with moderate overall sensitivity and high specificity, making it a useful screening tool. The significant differences in sensitivity between groups with varying levels of training to detect findings likely to impact patient care as well as lower overall positive predictive value of internistperformed hand-held ultrasound studies compared to echocardiographer-performed studies for the detection of abnormalities suggests that standardized training, competency testing, and quality assurance guidelines need to be established before these devices can be utilized for clinical decision-making by physicians without formal training in echocardiography.
